Agriculture can be either a source or sink of atmospheric CO 2 depending on soil management. The application of swine slurry in conventional tilled soils could enhance soil CO 2 emission depleting soil organic C stocks. However, the use of recalcitrant C-rich organic fertilizers in no-till soils can offset soil CO 2 emission promoting soil C sequestration. This hypothesis was tested by evaluating short-term CO 2 -C emissions from a Rhodic Nitisol under contrasting soil disturbance levels (disturbed (DS) and undisturbed soil (US)) top-dressed with mineral or organic fertilizers (urea (UR), raw swine slurry (RS), anaerobically digested swine slurry (ADS), and composted swine slurry (CS)). Soil CO 2 emission was evaluated for 64 days using static chambers where gas samples were collected and analysed by photoacoustic infrared spectroscopy. Soil water-filled pore space (WFPS), temperature and meteorological data were concomitantly registered and a first-order exponential decay model was used to assess the decomposition of organic fertilizers and CO 2 emissions induced by soil disturbance. Soil CO 2 -C emission was correlated with soil temperature, while limiting soil aeration impaired CO 2 -C efflux when WFPS >0.6 cm 3 cm
Introduction
Brazil is the fourth largest swine producer and exporter in the world, with a herd of 38.6 million heads in 2013 (USDA-FAS, 2014) . The annual swine slurry production in Brazil was estimated as 122 million cubic meters containing approximately 3.4 Â 10 5 Mg of N, 2.9 Â 10 5 Mg of P 2 O 5 , and 1.8 Â 10 5 Mg of K 2 O and accounts for 9.4, 6.8, and 3.7% of the demand for these nutrients by Brazilian agriculture, respectively (Aita et al., 2014a) . The use of swine slurry as fertilizer in agricultural soils has been the usual fate of this waste in Brazil (Kunz et al., 2009) and is an important strategy for sustainable concentrated animal feeding operations (Kunz et al., 2005) that supply lower cost nutrients for crop production instead of mineral fertilizers. Although incorporation (Rochette et al., 2009) or injection (Aita et al., 2014b) of ammonia-rich swine slurry into the soil would be preferable to prevent NH 3 -N volatilization, swine slurry topdressing remains the usual practice in Brazilian no-till system. These practices can impact soil C and N dynamics by affecting soil CO 2 emissions (Aita et al., 2012) . Increased soil CO 2 emission can be observed after soil tillage operations which incorporate crop residues into soil (Reicosky and Lindstrom, 1993; Reicosky et al., 1997) . Soil amendment with organic residues or mineral fertilizers can also impact C and N dynamics and promote increases in soil CO 2 emissions (Chantigny et al., 2001 (Chantigny et al., , 2002 Aita et al., 2012) . However, studies assessing the contribution of organic and mineral amendments on soil CO 2 emission present contrasting results in the literature. While some studies reported increased mineralization of crop residues-C and enhanced soil CO 2 emissions (Chantigny et al., 2001; Muhammad et al., 2011) , others reported no synergistic effect when crop residues are incorporated Aita et al., 2012) . When N is limiting, swine slurry amendment could enhance crop residue decomposition, however, this effect would not be expected if the original concentrations of soil mineral N or the mineralization of soil organic N are sufficient to support the decomposition of crop residues (Aita et al., 2012) .
Modifications of swine slurry organic matter quality via anaerobic digestion or composting (Vivan et al., 2010; Angnes et al., 2013) could also impact C and N dynamics and potentially decrease CO 2 emissions from soils amended with these materials (Bertora et al., 2008; Giacomini and Aita, 2008; Marcato et al., 2009; Yang et al., 2002) . Soil CO 2 emission peaks are promoted by the presence of carbonates in the swine slurry which can be released when applied to acidic soils (Chantigny et al., 2002) and also by the rapid mineralization of volatile fatty acids (labile C) found in swine slurry (Kirchmann and Lundvall, 1993) . Labile C forms are promptly consumed during swine slurry treatment (Vivan et al., 2010; Angnes et al., 2013) resulting in recalcitrant Crich organic fertilizers. However, literature results are still inconclusive regarding CO 2 emission from soils amended with swine slurry treated by anaerobic digestion or composting; this is important since these are emerging manure treatment technologies in Brazil (Kunz et al., 2009) .
Although some studies reported lower CO 2 emission from soils amended with composted or anaerobically digested swine slurry in comparison to raw swine slurry (Yang et al., 2002; Marcato et al., 2009) , others found no differences in emissions between composted and raw swine slurry amendments in conventional or no-till systems or between anaerobically digested and raw swine slurry in soil incubation experiments (Bertora et al., 2008) . Nonetheless, soil amendment with composted organic residues in no-tillage system is generally reported to substantially increase soil organic C stocks by offsetting soil CO 2 -C emissions (Gulde et al., 2008; Lal, 2009; Nicoloso, 2009; Powlson et al., 2012) . Anaerobic digestion and composting could also offset CH 4 emission in relation to conventional swine slurry management and storage (Kunz et al., 2009; Zhong et al., 2013) and mitigate soil N 2 O emission in relation to other organic residues (Zhong et al., 2013) .
The assessment of short-term CO 2 emissions (8-90 days) is useful to estimate emissions from tillage operations during the mineralization of organic carbon in soil as well as from the decomposition of crop and other organic residues (La Scala et al., 2006; Aita et al., 2008; Drewitt et al., 2009; Pes et al., 2011; Aita et al., 2012) . Thus, in this study CO 2 emission from a Nitisol in southern Brazil was assessed for over 64 days in order to infer impacts of contrasting soil disturbance levels on the decomposition of organic fertilizers. We also hypothesized that application of recalcitrant C-rich organic fertilizers (anaerobically digested or composted swine slurry) on undisturbed soils (no-till) can decrease soil CO 2 -C emission in relation to disturbed soils (conventional tillage) amended with raw swine slurry or urea thereby promoting soil C sequestration.
Materials and methods

Field experiment
The experiment was initiated in January 2013 on a Rhodic Nitisol (FAO, 1998) The local climate is humid subtropical (Cfa) based on the Köppen classification system (EMBRAPA, 2004) . The experiment had a split-plot design with two soil disturbance levels as the main plots (1 m Â 5 m) and five fertilization treatments as the subplots (1 m Â1 m). All treatments were replicated four times. The buffer rows measured 1 m between replication blocks and 0.4 m among plots and subplots. Existing plant residues were manually removed and 4 Mg ha À1 of wheat straw (Triticum aestivum (L.)) was placed on the soil surface of each subplot (January 23rd: day 0). The soil disturbance treatments were: undisturbed (US) and disturbed soil (DS). In the DS treatment, the wheat straw was incorporated in the 0-0.10 m layer manually with a shovel, ensuring that no aggregates >2 cm remained intact (January 25th: day 2). In the US treatment, the wheat straw was maintained at the soil surface with no disturbance. On day 5 (January 28th) the subplot fertilization treatments were established by manual surface application of 140 kg total-N ha À1 as either urea (UR), raw swine slurry (RS), anaerobically digested swine slurry (ADS), or composted swine slurry (CS); control treatment (CTR) received no fertilizer. The nitrogen fertilization rate followed the CQFS RS/SC (2004) guidelines with a goal of 9 Mg ha À1 of maize grain yield. Varying C inputs among treatments were related to composition variation of organic fertilizers used in this study; material was obtained from a fattening swine farm at Embrapa Swine and Poultry Research Center (Table 1) . The RS was collected from deep storage tanks, while the ADS was collected from an anaerobic lagoon composed of effluent from a covered lagoon biodigestor used to treat swine slurry (Vivan et al., 2010) . The CS consisted of a mixture of swine slurry with sawdust and wood shavings (bulking agents) which was composted for 150 days as reported by Angnes et al., 2013 . Samples of wheat straw, RS, ADS, and CS were analysed for characterization of these materials as reported by Angnes et al., 2013 .
Gas sampling and analysis
The experiment was conducted for 64 days starting on January 23rd (day 0) when the wheat straw was added to the plots. Gas samplings started on January 24th (day 1) and were performed daily for the first 30 days and at least every other day afterwards. Air was sampled from static chambers (0.4 m Â 0.8 m Â 0.3 m (L Â W Â H)) mounted over a base (0.09 m high) inserted 0.06 m into the soil. The headspace volume of the chambers averaged 105.6 L. The chambers were equipped with three internal fans to homogenize the internal atmosphere, a probe thermometer for monitoring the camber air temperature, and a rubber septum from which air samples were taken through a plastic tube closed by a three-way "luer-lock" valve.
Air was sampled between 10:00 and 12:00 h. Chambers were closed and sealed with water to avoid air exchange between the chamber and the atmosphere. Time zero samples were collected outside the chamber, while the samples from the chamber atmosphere were collected after 15, 30, and 45 min. The chamber fans were activated for only 30 s prior to sample collection to minimize bias in CO 2 efflux resulting from forced convection of the internal atmosphere of the chambers. The samples were collected with a set of two 60 mL polypropylene syringes united by three-way "luer-lock" valves, totaling 120 mL of sampling volume. The syringes were stored in a cooler and analysed within 3 h after collection. The samples were injected in an INNOVA 1412 gas analyser (Lumasense Technologies, Denmark) where the content of CO 2 in the air samples was assessed by photoacoustic infrared spectroscopy (Yamulki and Jarvis, 1999; Nicoloso et al., 2013) .
The soil CO 2 -C fluxes were calculated based on the following equations:
where Q is the mass of CO 2 -C inside chamber (mg CO 2 -C); C is the content of CO 2 in the sample measured by the gas analyser (mmol CO 2 mol À1 air); MMR is the molecular mass ratio of CO 2 to CO 2 -C (12 mg C mmol À1 CO 2 ); P is partial gas pressure (assumed as 1 atm);
V is the volume of the chamber (L); R is the ideal gas constant (0.0821 atm L mol À1 K À1 ); T is the gas temperature (K); f is the CO 2 -
); DQ is the linear change on the CO 2 content (mg CO 2 -C) inside chamber over time (Dt, min
À1
); and A is the basal area of the chamber (m 2 ). The results were then extrapolated to a daily basis (Chatskikh and Olesen, 2007; Chaves et al., 2009; Pes et al., 2011) .
Meteorological data and soil abiotic factors
Precipitation, mean daily air temperature, and humidity were recorded at a meteorological station located 250 m from the experimental area. Soil temperature was measured at the time of samplings with digital temperature probes inserted in the 0-0.10 m soil layer of each subplot. Soil water content was assessed on a regular basis (2-3 times a week) by sampling the 0-0.10 m soil layer from each subplot. Subsamples were weighed and dried at 105 C until constant mass to determinate the soil gravimetric water content (w, g g À1 ).
At the end of the evaluation period, undisturbed soil samples were collected from 0-0.05 and 0.05-0.10 m soil layers from each subplot with steel cylinders (0.05 m Â 0.05 m; height Â diameter). Nylon screens were attached to the bottom of the cylinders to prevent soil loss. The soil samples within cylinders were saturated with water for 48 h, weighed and dried at 105 C, and weighed again until constant mass to determinate the soil bulk density (BD, g cm
À3
). Soil total porosity was calculated according to the following equation:
where TP is the soil total porosity (cm 3 cm À3 ); M s is the mass of the water-saturated soil sample (g); M d is the mass of the dry soil sample (g); r is the density of water (assumed as 1 g cm À3 ), and V is the volume of the cylinder (cm 3 ). The water-filled pore space (WFPS, cm 3 cm
) was then calculated according to the following equation:
Analysis of CO 2 -C emissions
The effect of soil disturbance and fertilization treatments on soil CO 2 -C emissions was assessed using the approach described by Pes et al., 2011 . Briefly, the effect of fertilization was assessed by the differences of daily soil CO 2 -C emissions between treatments which received fertilization (UR, RS, ADS, and CS) in relation to CTR within US and DS treatments. This approach was applied to estimate the decomposition rate of crop residues and organic fertilizers under contrasting soil disturbance levels. Also, the differences between DS and US treatments were used to infer the effect of soil disturbance on increasing soil CO 2 -C effluxes.
A first-order exponential decay model was applied to describe the differential CO 2 -C fluxes between contrasting treatments (La Scala et al., 2008) :
where Df is the difference in daily soil CO 2 -C fluxes between contrasting treatments (kg CO 2 -C ha À1 day
À1
) at a given time (t, days after fertilizer application); C 0 is the estimated labile carbon content from soil organic matter, wheat straw, and organic fertilizers added to the soil available for decomposition (kg ha À1 ); k is the carbon decay rate (day À1 ); and e is the base of the natural logarithm.
The half-life (t 1/2 ) of increased CO 2 -C emissions promoted by soil disturbance or fertilizers was calculated by the given equation:
where ln (2) is the natural logarithm of 2; and k is the carbon decay rate (day À1 ) determined by the first-order exponential decay model adjusted to the data.
Statistical analysis
Soil temperature, WFPS, daily and cumulative CO 2 -C emissions data were submitted to analysis of variance (ANOVA) and treatments means were compared using the Fisher's LSD test. Correlations between soil abiotic factors, meteorological data and soil CO 2 -C emissions were evaluated using Pearson's coefficient (r). Non-linear regression analysis was applied to test the adjustment of the first-order exponential decay model to the differential CO 2 -C fluxes between contrasting treatments and the significance of the C 0 k and k values estimated by the mathematical model. All statistical analyses were performed by utilizing the software SigmaPlot 12.5 (Systat Software Inc.) and results were considered statistically significant at p < 0.05.
Results and discussion
Soil abiotic factors and daily CO 2 -C emission
No interaction between soil disturbance and fertilization treatments was detected, thus, the results presented in Fig. 1 and the following discussion address the main effects of soil disturbance (Fig. 1a) and fertilization (Fig. 1b-c) on soil CO 2 -C efflux. Soil CO 2 -C emission (Fig. 1) showed wide variation from 14.8 AE 1.3 (mean AE s.e.) to 74.1 AE 3.3 kg ha À1 day À1 and were markedly affected by soil abiotic factors and environment. Increasing rainfall during the experiment was followed by a decrease in ambient air and soil temperature and an increase in WFPS (Fig. 2) . No differences in soil temperatures were seen among the evaluated treatments ( Fig. 2c-d) , however, soil WFPS was consistently higher for US than DS (Fig. 2a) . The presence of crop residues on the soil surface could have enhanced rainfall water infiltration and decreased evapotranspiration in US treatments, while surface sealing of the topsoil layer could have impaired water infiltration in DS treatments (Lanzanova et al., 2010) . Soil temperature was the main abiotic factor driving CO 2 -C emissions, corroborating previous findings (Drewitt et al., 2009; Pes et al., 2011) . Ambient air and soil temperature had positive linear correlations (data not shown) with CO 2 -C emissions (r = 0.486 and p < 0.001; r = 0.659 and p < 0.001; respectively), while ambient humidity and the WFPS had negative relationships (r = À0.110 and p = 0.014; r = À0.191 and p = 0.004; respectively). Higher CO 2 -C emissions would be expected with increases in soil water content (Pes et al., 2011) , however, limiting soil aeration conditions (WFPS >0.6 cm 3 cm
À3
, Linn and Doran, 1984 ) associated with decreasing soil temperatures in the second half of the evaluation period limited the emission rates.
Soil disturbance and crop residue incorporation promoted a limited but noticeable increase in CO 2 -C emission. Mean soil CO 2 -C efflux for the DS treatment (36.3 AE 2.2 kg CO 2 -C ha À1 day
À1
) was only 9.0% higher than the average CO 2 -C emission efflux from the US treatment (33.3 AE 1.6 kg CO 2 -C ha À1 day À1 ) during the whole experimental period (Fig. 1a) . The incorporation of crop residues into soil enhanced soil CO 2 -C efflux in comparison to US, yet this effect was less pronounced in our study when compared to literature findings (Reicosky, 1997; La Scala et al., 2006; Pes et al., 2011) . Pes et al., 2011 reported no differences in CO 2 -C emissions between conventional tillage and no-till from a Brazilian clayey Ferralsol when crop residues were removed. However, when crop residues were present, CO 2 -C emission from conventional tillage was 71.8% higher than no-till. In the DS treatment (Fig 2a) , lower soil water content and strong organomineral interactions stabilized organic C leading to decreased residue decomposition (Grandière et al., 2007; Razafimbelo et al., 2008) which may have limited CO 2 -C emissions due to soil disturbance. Nonetheless, the effect of fertilization treatments on soil CO 2 -C emissions were more pronounced and remained significant for up to 18 days after fertilizer application (Fig. 1b-c) . Daily CO 2 -C efflux from the RS treatment was consistently higher than other treatments (CTR, UR, ADS, and CS). The RS has a higher proportion of labile C, as expressed by lower C/N ratio and higher volatile solids (VS), mineral N (Table 1) and carbonate content than the other tested organic fertilizers (Kirchmann and Lundvall, 1993; Chantigny et al., 2002; Giacomini and Aita, 2008; Vivan et al., 2010; Angnes et al., 2013) . Thus, increased soil CO 2 -C emission from the RS treatment was related to increased decomposition of crop residues (Chantigny et al., 2001 ) and slurry-added C , and/or by inorganic CO 2 -C emission from slurry-derived carbonate released in this acidic soil (Chantigny et al., 2002) .
CO 2 -C efflux from soil amended with UR, ADS, and CS were also higher than the CTR treatment (Fig. 1b-c) . The higher mineral N input (UR > ADS > CS, Table 1 ) increased by the same proportion as the mineral N content (NH 4 + -N + NO 3 À -N, data not shown) in the soil surface layer (0-0.10 m). This higher availability of mineral N probably enhanced the decomposition of soil organic C and crop residues, favoring CO 2 -C emissions from these treatments during the first days after fertilizer amendment (Chantigny et al., 2001; Aita et al., 2008; Giacomini and Aita, 2008) . Afterwards, the consumption of labile and readily mineralizable C pools, N displacement from the zone of decomposition (i.e., crop residues and organic fertilizers, Aita et al., 2008) , limitations to aerobic microbial activity due to restricting soil aeration (WFPS >0.6 cm 3 cm À3 ), and decreasing soil temperature (Fig. 2) would have impaired CO 2 -C emissions from these treatments.
CO 2 -C emission induced by organic fertilizers
The first-order exponential decay model (La Scala et al., 2008) was fitted to the differential soil CO 2 -C emissions from contrasting fertilization treatments using the CTR treatment as the baseline under the same soil disturbance level (Fig. 3) . This approach was used to estimate decomposition of organic fertilizers and the effect of mineral fertilization on decomposition of crop residues under contrasting soil disturbance levels. Amendment of DS with UR and ADS promoted a similar increase in soil CO 2 -C emission compared to the CTR treatment with estimated C decay rates of 0.061 AE 0.015 (p < 0.01) and 0.065 AE 0.015 day À1 (p < 0.01), resulting in half-lives of 11.4 and 10.7 days, respectively (Fig. 3a) . Under DS, RS promoted higher differential CO 2 -C emission with a lower C decay rate (0. ) (Muhammad et al., 2011) without adding extra labile C or carbonates to enhance soil CO 2 -C emissions as noted in the RS treatment (85 kg NH 4 + -N ha À1 ). Thus, soil amended with ADS decreased soil CO 2 -C emissions in relation to RS. This result is in agreement with previous findings (Marcato et al., 2009) . Nonetheless, the differential CO 2 -C emission from CS amended soil remained low and stable during the whole evaluation period, averaging 3.1 AE1.1 kg CO 2 -C ha À1 day
À1
. This result indicates a very discrete mineralization of CS-added C to the soil. The complete oxidation of labile C pools and progressive humification of the swine slurry and sawdust mixture during the composting process (Angnes et al., 2013) resulted in a highly recalcitrant organic fertilizer which promotes lower CO 2 -C emissions and potentially results in soil organic carbon accumulation in CS amended soils.
It is well known that organic fertilization can increase soil organic C stocks (Gulde et al., 2008; Nicoloso, 2009; Powlson et al., 2012) . However, a recent study associated soil organic C accumulation and saturation to increased C input quantity (not quality) in a Chernozem soil amended with solid beef cattle manure (Carrington et al., 2012) . Our results suggest otherwise since the decomposition of organic fertilizers in the soil were affected by previous manure treatment (Fig. 3) . In order to achieve the same N fertilization rate recommended for a maize crop (CQFS RS/SC, 2004), C input by RS, ADS, and CS were 919, 480, and 2675 kg ha À1 , respectively. Cumulative soil CO 2 -C emissions (DCO 2 -C) from DS fertilized with UR, RS, ADS, and CS were 233, 733, 231, and 185 kg ha À1 higher than DS + CTR treatment, respectively (Fig. 3a) . However, using the treatment DS + UR as a reference to isolate the effect of C input through organic amendments in relation to mineral nitrogen fertilization (UR), soil CO 2 -C emissions promoted by organic fertilizers were 500 kg ha À1 higher in the DS + RS treatment, but 2 and 48 kg ha À1 lower in the DS + ADS and DS + CS treatments, respectively. After 64 days, Time (days after fertili zer application) Fertiliza tion on disturbed soil 
). Individual data points were omitted for simplicity. CTR: control without fertilization; UR: urea; RS: raw swine slurry; ADS: anaerobically digested swine slurry; CS: composted swine slurry.
79.7, 48.2, and 6.9% of the organic fertilizer-added C as RS, ADS, and CS, respectively, was mineralized and lost as CO 2 . Thus, considering the balance between C inputs and measured short-term CO 2 -C emissions, net C budgets of À233, 186, 249, and 2489 kg C ha À1 were estimated in the DS + UR, DS + RS, DS + ADS, and DS + CS treatments in relation to DS + CTR, respectively. Although a higher potential for soil organic C accumulation was indeed expected for CS due to the higher amount of C added to the soil in this treatment (C input was 2.9 and 5.6 times higher in relation to RS and ADS, respectively), the quality of the CS-added C and the very low decomposition of this organic fertilizer (11.5 and 7 times lower than RS and ADS, respectively) had a stronger impact on the estimated net C budget than would be predicted only by C input quantity. In contrast, higher C input by RS did not result in a higher net C budget in relation to ADS. The lower decomposition of ADS resulted in a net C budget of 63 kg ha À1 in relation to the RS amended soil. The differential CO 2 -C emission dynamics from the US + UR treatment was similar to that observed on for the DS + UR with an estimated C decay rate of 0.051 AE 0.012 day À1 and a half-life of 13.6 days (Fig. 3b) . The US + RS treatment had soil CO 2 -C emissions starting at the level observed in the DS + RS yet with a higher C decay rate (0.072 AE 0.011 day À1 ) and a shorter half-life (9.6 days). In contrast to the DS + ADS treatment, differential soil CO 2 -C emissions decreased sharply for US + ADS (k = 0.775 AE 0.209 day
) and were very short-lived (t 1/2 = 0.9 days). Nonetheless, the first-order decay model adjusted to US + CS estimated a C decay rate of 0.016 AE 0.006 day À1 and a half-life of 43.3 days for that treatment. The patterns regarding differential CO 2 -C emissions from US amended with organic fertilizers were different from the DS treatment ( Fig. 3a-b) . The higher C decay rates of US + RS and US + ADS in comparison with the same treatments applied to the DS could be related to leaching of mineral N from the zone of active decomposition of crop residues at the soil surface in the US treatments . The first precipitation event (10 mm) occurred only 2 days after fertilizer application (Fig. 2 ) which coincided with a sharp decrease in soil CO 2 -C emission from the US + ADS treatment (Fig. 3b) . Thus, the soluble NH 4 + -N added to soil by the RS and ADS could have been removed from the soil surface thereby avoiding direct contact with crop residues and decreasing their decomposition rates in US treatments (Aita et al., 2012) . This effect was more evident in US + ADS than US + RS due to the lower contribution of the recalcitrant ADS-added C for the soil CO 2 -C emissions (Marcato et al., 2009) .
The cumulative soil CO 2 -C emissions from UR, RS, ADS, and CS treatments were 194, 426, 82, and 223 kg CO 2 -C ha À1 higher than CTR treatment under US, respectively (Fig. 3b) . When the UR treatment was used as reference, soil CO 2 -C emissions promoted by organic fertilizers were only 232 and 29 kg CO 2 -C ha À1 higher in RS and CS treatments, respectively, but 12 kg CO 2 -C ha À1 lower in ADS. Carbon mineralization of RS and ADS were lower under US than DS, representing 46.4 and 17.1% of the organic fertilizeradded C within these treatments. However, the mineralization of CS was not affected by soil disturbance level (8.3% under US). These results indicate a net C budget of À194, 493, 397, and 2452 kg C ha À1 for US + UR, US + RS, US + ADS, and US + CS treatments in relation to US + CTR, respectively. The faster mineralization of RS-added C (46.4 and 79.7% for US and DS, respectively) in relation to other organic fertilizers (ADS and CS) corroborates previous results reporting no significant soil organic C accumulation in RS amended soils even when managed under no-till (Comin et al., 2013) . The recalcitrant nature of CS explains the low and similar mineralization of the CS-added C among DS and US treatments (6.9 and 8.3%, respectively). Although the DS + CS treatment received a greater C input than the DS + UR (173%; considering both fertilizer and crop residue-added C), soil CO 2 emissions decreased 20.5%. These results suggest that the low mineral N input through CS (12 kg NH 4 + -N + NO 3 À -N ha À1 ) was rapidly immobilized in the soil (data not shown), impairing the decomposition of crop residues in relation to the UR treatments regardless of soil disturbance levels. These results confirm the CS potential for substantial soil organic C accumulation as reported for other organic fertilizers (Gulde et al., 2008; Nicoloso, 2009; Powlson et al., 2012) . Additionally, previous swine slurry treatment by anaerobic digestion (ADS) or composting (CS) could also offset the increased CO 2 -C emissions from RS amended soils (Yang et al., 2002; Marcato et al., 2009) . The conclusions about the potential of organic fertilizers to promote soil C sequestration should be viewed as preliminary due to the relatively short duration of this study and should not be extrapolated to long-term predictions. However, our study Time (days after fertili zer appli cation) Individual data points were omitted for simplicity. DS: disturbed soil; US: undisturbed soil; CTR: control without fertilization; UR: urea; RS: raw swine slurry; ADS: anaerobically digested swine slurry; CS: composted swine slurry.
provides relevant theoretical information regarding organic fertilizer decomposition and short-term CO 2 emissions from contrasting soil management systems which compliment longterm studies reporting soil organic C stocks changes due to organic amendments (Gulde et al., 2008; Lal, 2009; Nicoloso, 2009; Powlson et al., 2012) . Additionally, our results would support other research addressing N losses and soil availability (Chantigny et al., 2002; Yang et al., 2002; Aita et al., 2012; Chalhoub et al., 2013) and the parametrization of mathematical models (e.g., CENTURY, RothC, DAISY, PASTIS) assessing changes on soil organic C stocks according to soil management and fertilization practices (Bruun et al., 2003; Yokozawa et al., 2010; Chalhoub et al., 2013; Cong et al., 2014) . Future long-term studies assessing changes in soil organic C stocks due to soil tillage practices and organic fertilization should also address concomitant ammonia and greenhouse gases emissions (i.e., CH 4 and N 2 O) from these practices (Aita et al., 2014b) to fully evaluate the environmental benefit of recycling such wastes in agricultural systems.
CO 2 -C emission induced by soil disturbance
Total C input through wheat straw and organic fertilizer amendments was 1.54, 1.54, 2.46, 2.03, and 4.22 Mg C ha À1 for CTR, UR, RS, ADS, and CS treatments, respectively (Table 1) . Incorporation of crop residues into the soil promoted an increase in the cumulative differential soil CO 2 -C efflux ranging from 66 to 322 kg CO 2 -C ha À1 when compared with US treatments (Fig. 4) . These results represent 6.9, 9.2, 13.1, 10.8, and 1.6% of the total C input for CTR, UR, RS, ADS, and CS treatments, respectively. The estimated C decay rate of the differential CO 2 -C emissions between DS + CTR and US + CTR treatments was 0.163 AE 0.061 day À1 (p < 0.0001) with a C half-life of 4.2 days, indicating a transient effect of soil disturbance on soil CO 2 -C emissions. Previous studies reported lower and momentary peaks of shortterm soil CO 2 -C emissions induced by soil tillage in Ferralsols more than in other soil orders (Reicosky and Lindstrom, 1993; Reicosky et al., 1997; Pes et al., 2011) , but no long-term emission difference between conventional tilled and no-tilled systems (Franzluebbers et al., 1995; Vargas and Scholles, 2000; Costa et al., 2008) . Up to 80% of the increased CO 2 -C emissions of conventional tilled Ferralsols are derived from the decomposition of crop residues incorporated into the upper soil layer (Pes et al., 2011) . Although a faster decomposition of crop residues would be expected under conventional tillage (Campos et al., 2011) , the strong organomineral interaction between the progressively decomposed crop residues and soil clay particles (Grandière et al., 2007) also would have impaired crop residue mineralization; this may explain the small difference between DS + CTR and US + CTR treatments on soil CO 2 -C emissions. The dynamics of differential soil CO 2 -C emission between contrasting soil disturbance treatments (DS-US) was similar to those observed in the CTR treatment when the soil was amended with UR or CS, with estimated C decay rates of 0.206 AE 0.050 and 0.235 AE 0.153 day À1 (p < 0.01 and p = 0.13, respectively) and C halflives of 3.3 and 2.9 days, respectively. Nonetheless, RS and ADS amendments decreased C decay rates (0.044 AE 0.011 and 0.095 AE 0.022 day
À1
, respectively) and increased C half-lives (15.7 and 7.3 days, respectively) when comparing contrasting soil disturbance treatments.
Differential soil CO 2 -C emissions between contrasting soil disturbance treatments (DS-US) increased when the soil was amended with UR, RS, and ADS in relation to CTR. Extra labile C input from raw swine slurry supported a longer period of increased soil CO 2 -C emissions from DS in relation to US. By contrast, CS amendment decreased the differential soil CO 2 -C efflux (66 kg CO 2 -C ha
) compared with the other treatments (106-322 kg CO 2 -C ha À1 ). Soil disturbance in combination with high inputs of mineral N and labile C through organic fertilizers (such the RS) enhances soil CO 2 -C emission and could ultimately decrease soil organic C stocks. However, application of humified organic residues with higher C/N ratio and low mineral N content such as the CS (Table 1) can impair crop residue decomposition and soil CO 2 -C emission (Muhammad et al., 2011) . Composted swine slurry amendment can even improve aggregation and fresh organic matter stabilization in soils under conventional tillage (Nicoloso, 2009) . Thus, CS amendment could partially offset increased soil CO 2 -C emissions promoted by intensive soil disturbance.
Conclusions
Short-term CO 2 -C emissions from a Rhodic Nitisol were increased by intensive soil disturbance. High mineral N inputs through mineral or organic fertilizers enhance the decomposition of crop residues and the soil CO 2 -C efflux. Extra labile C input through RS amendment sustained longer increased soil CO 2 -C emissions, resulting in higher CO 2 -C losses than observed with other fertilizers. Nonetheless, recalcitrant C input from ADS and CS had limited direct contribution to CO 2 -C emissions from both disturbed and undisturbed soils. The high positive net C budget with CS amendment presents a genuine potential for substantial soil organic C accumulation over mineral fertilization while offsetting increased CO 2 -C emissions in comparison to RS amended soils.
